Fatty acids are commonly analysed by gas chromatography as their corresponding fatty acid (FA) methyl esters (FAME). For quantitative determination of individual FA an internal standard like C17:0 is necessary. Conjugated FA and polyunsaturated fatty acid (PUFA) represents a challenge in the methylation steps, as they are sensitive to pH changes and oxidation. The present study was carried out to determine the efficiency of different methylation procedures on quantitative determination of conjugated linoleic acid (CLA), PUFA and response of internal standard. The highest response of internal standard was observed for boron trifluoride (BF 3 )/ methanol and methanolic HCl followed by NaOCH 3 , while cis-9, trans-11 CLA, total CLA and PUFA was higher with methanolic HCl followed by NaOCH 3 compared with the BF 3 method. These data can be useful for quantitating of milk FA.
a b s t r a c t
Fatty acids are commonly analysed by gas chromatography as their corresponding fatty acid (FA) methyl esters (FAME). For quantitative determination of individual FA an internal standard like C17:0 is necessary. Conjugated FA and polyunsaturated fatty acid (PUFA) represents a challenge in the methylation steps, as they are sensitive to pH changes and oxidation. The present study was carried out to determine the efficiency of different methylation procedures on quantitative determination of conjugated linoleic acid (CLA), PUFA and response of internal standard. The highest response of internal standard was observed for boron trifluoride (BF 3 )/ methanol and methanolic HCl followed by NaOCH 3 , while cis-9, trans-11 CLA, total CLA and PUFA was higher with methanolic HCl followed by NaOCH 3 For quantitative analysis of FA, addition of internal standard is necessary. Furthermore, when an internal standard is used, the method has the capability to determine both total FA distribution and the amount of individual FA in a given sample simultaneously.
Due to the heterogeneity of milk fatty acid, it is necessary to study the methylation procedure in
order to obtain accurate quantitative and qualitative results.
Data
The internal standard response was checked to verify the effect of different methylation procedures on methylation of internal standard. Table 1 shows area under the chromatogram peak of C17:0 analyzed following the different methylation methods. The area under the chromatogram peaks was 2706 and 1834 units for the C17:0 methylated with BF 3 /methanol and methanolic HCl followed by NaOCH 3 procedures, respectively. However, response of internal standard for the other methods was near to zero. In the present study, methanolic HCl followed by NaOCH 3 and BF 3 / methanol methods catalyzed methylation of C17:0; therefore, analysis of milk samples with these two methods was included in the paper. Table 2 shows milk FA amount and composition following the two methylation procedures. The amount of total FA for BF 3 /methanol method was 95% of the amount detected with the methanolic HCl followed by NaOCH 3 method. Cis-9, trans-11 CLA was 29% higher with methanolic HCl followed by NaOCH 3 than the BF 3 /methanol method (Table 3 ). In addition, with methanolic HCl followed by NaOCH 3 , amount of trans-10, cis-12 CLA was 23% higher than with the BF 3 /methanol method.
Experimental design, materials and methods

Extraction procedure
Lipids were extracted in a mixture of chloroform and methanol according to the method of Bligh and Dyer [1] , using modification and recommendations published by Jensen [2] .
Methylation procedure
In the present study, combination of methanolic HCl (5% acetyl chloride/methanol) and NaOCH 3 developed as a new method. The samples (blank and milk) were acidified with 1.00 mL of methanolic HCl at 80°C for 10 min, and then fatty acid methyl esters were extracted with 2.00 mL of pentane. After evaporation of the pentane, fatty acids were methylated with 2.00 mL of NaOCH 3 /methanol (0.5 N) for 10 min at 50°C.
Due to the low content of C17:0 in dairy products such as cow milk, this fatty acid used as internal standard for quantification the milk fatty acid [2, 3] . To examine the effect of different methylation procedure on response of C17:0, blank samples were analysed with 11methods in anhydrous condition (Table 3) . NaOCH 3 /methanol (0.5 N) was heated for 10 min at 50°C [4] . NaOCH 3 /methanol (1 N) method was carried out according to Christin [5] . Samples were dissolved in 2.00 mL of NaOCH 3 / methanol for 5 min at room temperature. Tetramethylguanidine/methanol was heated for 2 min at 100°C [6] . Also, several combinations of methylation procedures were tested: NaOCH 3 /methanol (0.5 and 1 N) for 10 min at 50°C followed by an excess of BF 3 /methanol for 10 min at 50°C [7] , tetramethylguanidine/methanol for 2 min at 100°C [6] followed by an excess addition of BF 3 /methanol for 10 min at 50°C, tetramethylguanidine/methanol for 2 min at 100°C [6] followed by excess addition of methanolic HCl for 10 min at 80°C [8] , NaOCH 3 /methanol (0.5 and 1 N) for 10 min at 50°C followed by an excess addition of methanolic HCl for 10 min at 80°C and methanolic HCl for 10 min at 80°C followed by an excess addition of NaOCH 3 /methanol (0.5 and 1 N) for 10 min at 50°C. 
Gas chromatography procedure
c C20-24:0; ∑C20 þ C22þ C24. d CLA; conjugated linoleic acid. e Total CLA; ∑ cis-9, trans-11 conjugated linoleic acid þ trans-10, cis-12 conjugated linoleic acid. f n-9 MUFA (monosaturated fatty acid); ∑C16:1 n9 þ C18:1 n9 þ C20:1 n9 þ C22:1 n9. g n-6 PUFA (polyunsaturated fatty acid); ∑C18:2 n6 þ C20:2 n6 þ C20:4 n6 þ C22:5 n6. C22:5w6. h n-3 PUFA (polyunsaturated fatty acid); ∑C18:3 n3 þ C18:4 n3 þ C20:3 n3 þ C20:5 n3 þ C22:5 n3 þ i SFA (Saturated fatty acid); ∑C2þ C4 þ C6þ C8 þ C10þ C12þC13þ C14þ C15 þ C16þ C18þ C20 þC22 þ C24. j MSFA; ∑C16:1 n9 þ C16:1 n7 þ C17:1 n9 þ C18:1 n9 þ C18:1 n7 þ C20:1 n9 þ C22:1 n11þ C22:1 n9 þ C24:1 n9. k UFA; ∑C16:1 n9 þ C16:1 n7 þ C17:1 n9 þ trans vaccinic acid þ C18:1 n9 þ C18:1 n7 þ C18:2 n6 þ C18:3 n6 þ C18:3 n3 þ cis-9, trans-11 CLAþ trans-10, cis-12 CLAþ C18:4 n3þ C20:1 n9 þ C20:2 n6 þ C20:3 n6 þ C20:4 n6 þ C20:3 n3 þ C20:5 n3 þ C22:1 n11þ C22:1 n9 þ C22:5 n6 þ C22:5 n3 þ C24:1 n9. 
Statistical analysis
The results from milk fatty acid were compared by using unpaired t-test, and P-values of o0.05 were considered significant.
